Objective Antiphospholipid syndrome (APS) is a well-known complication of habitual abortion and/or thrombosis and is frequently associated with autoimmune diseases. Methods We retrospectively investigated the relationships between the presence of antiphospholipid antibodies (aPLs) and the incidence of thrombotic events (THEs) in 147 patients with various connective tissue diseases (CTD) suspected of having APS and 86 patients with idiopathic thrombocytopenic purpura (ITP). THEs were observed in 41 patients, including 14 cases of venous thrombosis, 21 cases of arterial thrombosis and eight cases of complications of pregnancy. Results The prevalence of THE was significantly high in the systemic lupus erythematosus (SLE) patients compared with the other CTD patients and ITP patients. The frequency of lupus anticoagulant (LA), anticardiolipin antibodies (aCL)-β2-glycoprotein (GPI) complex IgG and aPL was significantly high in the SLE patients compared with the ITP patients. Subsequently, the rate of development of THE was significantly high in the patients with aPLs. In particular, the incidence of THE was significantly high in the SLE or ITP patients with LA, aCL-β2GPI IgG or aPL. The optimal cut-off values for LA, aCL IgG and aCL-β2GPI complex IgG for the risk of THEs were higher in the SLE patients in comparison to the values obtained when using the kit provided by the manufacturer. Conclusion Although aPLs is frequently associated with SLE and is a causative factor for thrombosis, the optimal cut-off value for aPL for predicting the occurrence of THEs varies among different underlying diseases.
Introduction
β2-glycoprotein I (β2GPI) (6). Clinical laboratory tests for aPLs include those for anticardiolipin antibodies (aCL), lupus anticoagulant (LA) and anti-β2GPI antibodies (7). These antibodies have different patterns of sensitivity and specificity with respect to the incidence of thrombotic events (THEs).
APS consists of primary APS and secondary APS (8, 9). The underlying diseases of secondary APS include connective tissue diseases (CTD), such as systemic lupus erythematosus (SLE) (10), as well as related autoimmune diseases, such as idiopathic thrombocytopenic purpura (ITP) (11). The frequency of aPLs is reported to be 20-50% in patients with SLE (12-14), which is slightly higher than that seen in those with systemic scleroderma (SSc) (15, 16), Sjögren's syndrome (SjS) (17) and/or rheumatoid arthritis (RA) (18, 19). The relationship between aPLs and THEs has been previously reported, suggesting that the risk of THE increases as the number of positive aPLs increases (20-22).
The current study retrospectively investigated the relationship between the presence of aPLs and the incidence THEs in 147 patients with CTD and 86 patients with ITP who were clinically suspected of having APS.
Materials and Methods
Laboratory data were continuously examined for 147 patients with CTD and 86 patients with ITP who consulted the Department of Hematology or Department of Dermatology between January 1, 1994 and December 31, 2013. SLE (23), SSc (24) and Sjogren's syndrome (25) were diagnosed according to the diagnostic criteria of the American College of Rheumatology. ITP was diagnosed based on the criteria established by the American Society of Hematology (26). Disseminated intravascular coagulation (DIC) was diagnosed based on the overt-DIC diagnostic criteria established by the International Society of Thrombosis and Haemostasis (ISTH) (27). VTE was diagnosed using echography, venography or computed tomography (CT). Cerebral vascular disease was diagnosed using CT or magnetic resonance imaging (MRI), and cerebral venous sinus thrombosis (CVST) was diagnosed based on MRI, magnetic resonance venography (MRV) or cerebral angiography (CAG). Vasculitis was diagnosed with CT and MRI.
The subjects with CTD (with and without THE) included 54 patients with SLE (22 and 32), 47 patients with SSc (5 and 42), 15 patients with overlap syndrome (3 and 12), 15 patients with SjS (5 and 10), 11 patients with dermatomyositis (0 and 11), five patients with mixed connective tissue disease (MCTD; 0 and 5). The patients with ITP included six patients with THEs and 80 patients without THEs.
The study protocol was approved by the Human Ethics Review Committee of Mie University School of Medicine (No. 2464), and informed consent was obtained.
The laboratory data obtained at the time that collagen disease was suspected were examined in this study. The lupus anticoagulant (LA) titer was measured using diluted Russell's viper venom time based on the LA test "Gradipore" (Medical and Biological Laboratories CO., LTD.; MBL, Nagoya, Japan). The titers of anticardiolipin IgG antibodies (aCL-IgG) and anticardiolipin β2-GPI complex IgG antibodies (aCL-β2-GPI complex IgG) were measured according to an enzyme-linked immunosorbent assay (ELISA) using a MESACUP cardiolipin IgG test (MBL) and anti-CL β2GPI kit Yamasa EIA (Yamasa Shoyu, Tyoushi, Japan) (28).
Statistical analysis
The data are expressed as the medians (5th-95th percentile). Differences between the groups were examined for statistical significance using the Mann-Whitney U-test. A p value of <0.05 denoted the presence of a statistically significant difference. In addition, the significance of the frequency rates was examined using a Chi-square analysis and Fisher's exact test.
Results
THEs were observed in 35 patients with CTD and six patients with ITP, including 14 cases of VTE, 21 cases of arterial thrombosis and eight pregnancy complications (Table 1) . The cases of VTE included 12 patients with deep vein thrombosis (DVT), 10 patients with PE and one patient with thrombosis of the vein of the retina. The cases of arterial thrombosis included 11 patients with cerebral thrombosis and seven patients with skin ulcers due to skin arterial thrombosis. The frequency of THEs was significantly higher in the patients with CTD, especially those with SLE, compared to those with ITP; however, there were no significant differences in the frequency of THEs between the patients with CTD without SLE and those with ITP. The frequency of LA (p<0.01), aCL-β2GPI complex IgG (p<0.001) and aPL (p<0.001) was significantly higher in the patients with SLE than in those with ITP (Table 2) . Only the rate of aPL was significantly higher in the patients with CTD than in those with ITP (p<0.01). There were no significant differences in the frequence of LA, aCL IgG, aCL-β2GPI complex IgG and aPL between the CTD patients without SLE and the ITP patients. The presence of LA, aCL IgG, aCL-β2GPI complex IgG and aPL was each associated with a higher risk of THEs in the overall CTD patients. In addition, the presence of LA, aCL-β2-GPI complex IgG and aPL was associated with a higher risk of THEs in SLE patients, while the presence of LA, aCL-β2GPI complex IgG and aPL was associated with a higher risk in the ITP patients (Table 3 ). The LA, aCL IgG and aCL-β2GPI complex IgG levels were significantly higher in the patients with THEs than in those without THEs (Fig. 1) . In the receiver operating characteristics (ROC) analysis, the cut-off value of LA for the risk of THEs (all patients: 1.72) was high in the SLE patients (1.60) and similar in the ITP patients (1.28) in comparison to that determined by the kit provided by the manufacturer (1.30). The optimal cut-off value of aCL IgG for the risk of THEs (all patients: 16.0 U/mL) was high in the SLE cases (20 U/mL) and similar in the CTD patients without SLE (12 U/mL) in comparison to that determined by the kit provided by the manufacturer (10 U/mL). The cut-off value of the aCL-β2GPI complex IgG for the risk of THEs (all patients: 6.8 U/mL) was high in the CTD (8.67 U/mL), SLE (10.29 U/mL), CTD without SLE (8.62) and ITP (6.47 U/mL) cases in comparison to that determined by the kit provided by the manufacturer (3.5 U/mL)( Table 4) . The correlations between LA and aCL IgG (r= 0.536, p< 0.001) and between LA and aCL-β2-GPI complex IgG (r= 0.527, p<0.001) were similar (neither of the pairs were well correlated). The level of aCL IgG was well correlated with the level of aCL-β2-GPI complex IgG (r= 0.785, p<0.001) (Fig. 2) .
Discussion
The presence of aPLs has been reported to be associated with a high risk of thrombosis (1, 2, 22, 29). Our previous study (22) reported that the rate of VTE is significantly higher than that of cerebral thrombosis in patients with suspected APS. However, that study included many primary APS patients with a limited number of SLE patients. The present study focused on THE in CTD patients. Consequently the rate of arterial thrombosis was highest in the SLE patients among the patients with CTD. A predominance of arterial thrombosis has been reported in Japanese patients with primary APS, a study that included 50.4% of SLE patients (30). Therefore, the presence of aPLs in patients with CTD, particularly SLE, indicates a high risk of arterial thrombosis, such as cerebral thrombosis. Even not as high as that seen in cases of SLE, patients with other autoimmune diseases with aPLs also carry a high risk of VTE. In this study, six of the 86 patients with ITP had associated thrombosis. A few previous cases of ITP have also been reported to be associated with thrombosis (31). These findings suggest that some cases of ITP associated with APS, and/or some cases of ITP, may transform to SLE.
In this study, the frequency of LA or aCL-β2-GPI IgG was significantly higher in the patients with SLE, but not in the overall patients with CTD, compared with that observed in the ITP patients, suggesting a strong association between SLE and aPL. However, no differences in the incidence of aCL IgG were observed among the SLE, CTD without SLE and ITP groups. The presence of aPLs has been reported in approximately 40% of SLE patients, and half of these patients experience THEs or obstetric morbidities (32). The frequency of aPL is reported to be 0-4 % in healthy people (33, 34), and this rate is slightly higher in the patients with ITP (35). The analysis of correlations among the aPLs In the present analysis, the frequency of THE was significantly high among the patients positive for LA, aCL IgG, aCL-β2GPI IgG or aPL in the CTD group, the patients positive for LA, aCL-β2GPI IgG or aPL in the SLE and ITP groups and the patients positive for aCL IgG or aPL in the CTD group without SLE. These findings suggest that LA is the most useful aPL for predicting THEs in CTD patients and that aCL-β2-GPI complex IgG may be the most useful aPL for predicting THEs in ITP patients. A systemic review indicated that LA is associated with a higher risk of THE than aCL IgG (36). Furthermore, our previous study of APS patients showed that the incidence of THEs is related to the presence of LA, but not the aCL-β2-GPI complex IgG or aCL-IgG (22). The LA test includes different measurement parameters, including dilute Russell viper venom test (DRVVT) and partial thromboplastin time (PTT)-LA (37). Therefore, the results may differ depending the assay system used (38) . The presence of LA reflects abnormalities in various aPLs, except for anti-β2GPI antibodies and antiprothrombin antibodies (39) .
An international multicenter study reported that the results of antiβ2GPI-dependent lupus anticoagulant (LAC) assays correlate with the presence of thrombosis better than the findings of the classic LAC assay, such as that for aCL IgG (40, 41) . On the contrary, the aCL IgG titer is reported to have a higher predictive value for thrombosis than the anti-β2GPI antibody titer (41) . The predictive value of the presence of aPLs for thrombosis in CTD may differ among underlying disease. Cases with dual or triple positive results for LA, anti-β2GPI antibodies and aCL are strongly associated with the development of thrombosis and pregnancy morbidities (42, 43). In the present study, the optimal cut-off values of LA, aCL IgG and aCL-β2-GPI complex IgG for the risk of THEs were higher in the SLE cases, but similar in the ITP (1.28) cases, in comparison to that determined by the kit provided by the manufacturer (1.30), suggesting that the optimal cut-off value of aPLs for predicting VTEs should be determined based on the underlying disease.
Although our study showed the usefulness of each aPL for obtaining a diagnosis of THEs, the combination of several aPLs might also be useful. The efficacy of the antiphospholipid score for diagnosing APS and predicting THEs has been reported (44) and the aPL scoring system has thus been suggested to be useful. There are many risk factors for thrombosis other than aPLs, such as diabetes, atherosclerotic factors, genetic factors, cigarette smoking and aging in patients with CTD. Obesity is also a risk factor for VTE and acute myocardial infarction (45). Multivariate studies including assessments of atherosclerotic factors will be useful for investigating the risk of thrombosis in these patients.
In conclusion, the presence of aPLs is closely associated with the development of THEs in CTD. In particular, LA is a very strong risk factor for THE in SLE patients. Moreover, the presence of aCL-β2-GPI complex IgG is a potent risk factor for THE in ITP patients, and the optimal cut-off values for predicting THEs are different among patients with different underlying diseases.
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